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SPECIFICATION 

POWER GENERATION SYSTEM 

5 TECHNICAL FIELD 

The present invention relates to a power generating system generating AC 
power via an inverter circuit from DC power generated from solar batteries or fuel 
cells to improve a switching mechanism for switching the voltage of DC power in 
10 multi-steps, and electric storage and power generation performance. 

BACKGROUND OF THE RELATED ART 

Thanks to the recent gradual decrease in the production cost of solar 
batteries used in solar electric generating systems, many consumers utilize solar 

15 electric generating systems at home, although many of the home solar electric 
generating systems are cooperation type systems connected to a commercial 
single phase AC system supplied to residential areas. The solar battery of home 
solar power electric generating systems is connected in series-parallel to several 
dozen power generating modules with small kW output. The cooperation type 

20 solar electric generation systems require converting DC power into AC power via 
an inverter circuit to be used for single phase AC systems. 

The publicly known solar electric generating system shown in Fig. 24 is a 
typical cooperation type system controlling an inverter circuit by the PWM 
method and having a solar battery 100 wherein a plurality of the sub-units of a 

25 plurality of power generating modules connected in series are connected in 
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parallel, inverter circuit 101 and control device 102 controlling the inverter circuit 
101 by switching. The control device 102 is provided with a voltage detection 
device 103 detecting the standard voltage of the AC system, amplifier 104 
amplifying the detected voltage, triangular wave generator 105 and PWM control 
5 part 106. As shown in Fig. 24, the PWN control part 106 controls the switch 
elements of the inverter circuit 101 based on sine waves 107 of the command 
voltage according to the standard voltage shown in Fig. 25 and carriers 108 
generated in the triangular generator 105, and then accomplishes output to the 
AC system after converting to sine wave AC power by the generating square wave 

10 AC voltage 109, as shown in Fig. 25, and flattening the square wave AC voltage 
109 via a filter circuit. 

However, regarding the technology controlling the inverter circuit using 
the above PWM method, there is a problem that approximately only 90% of the 
output of solar battery is utilized as the output of the solar battery, and needs to 

15 be intermittently shut off to convert to AC power. Furthermore, due to the 
generation of harmonic components from frequent switching of switching 
elements in the inverter circuit and the impedance of the AC system, a large filter 
means or electromagnetic interference removal means needs to be provided to 
absorb the harmonic components. In addition, there is another problem of 

20 having a large loss in power devices, such as an inverter circuit and switching 
elements due to the large number of switching frequencies involving significant 
voltage changes. 

In contrast, there is another proposal for a solar electric generation system 
utilizing a battery switching system by changing the output voltage level in 
25 multi-steps via switching the number of solar batteries out of a plurality of solar 
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batteries to provide the output. In this power generation system, as shown in 
Fig. 26, for instance, four sets of solar batteries 110 capable of generating 10V, 20V, 
40V and 80V DC power are provided and only a switch Si out of switches SI, S2, 
S3 and S4 is turned on to output 10V DC power and the voltage of DC power can 
5 be increased/decreased stepwise in increments of 10V to switch to 20V, 
30V,... 140V and 150V by combining the switches to be turned on. DC power is 
output to the AC system after being converted to AC power as shown in Fig. 27 (A) 
and (B) via an inverter circuit 111. In this solar electric generation system 
utilizing a battery switching system, in comparison with the power generation 

10 system previously described in Fig. 24, problems associated with harmonic 
waves or electromagnetic field interference are mitigated. However, there is the 
problem that the rate of utilization becomes significantly lower since all of the 
four solar batteries are used only for a short time to generate a peak voltage and 
one or a plurality of solar batteries are in the idle stage most of the time. 

15 When any of the four sets of solar batteries 110 is blocked by buildings and 

the like and only partial sunlight becomes available, the power to be generated 
from the blocked solar battery 110 is significantly decreased to reduce the output 
voltage influencing the normal output of AC power. Furthermore, there is 
another problem that the DC voltage is not generated from any of the four sets of 

20 the solar batteries 110 during the nights when sunlight is not available, therefore, 
the power generation time by the solar battery 110 is limited to affecting the 
performance of power generation by the power generation system. 

In recent years, the development of a power generation system utilizing a 
fuel cell system is advanced and is expected to be gradually put to practical use in 

25 the near future as a home power generation system. 
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The fuel cell is comprised of layered multiple single cells and is configured 
to output DC power by connecting a number of single cells in parallel. Since each 
single cell generates approximately 0.6-0.7V DC power, and there is the same 
problem as the solar electric generating system in a way which utilizes technology 
5 to provide DC power generated from a power generating system to an AC system 
by having the power generating system cooperate with a home single phase AC 
system. 

SUMMARY OF THE INVENTION 

10 The present invention proposes a power generating system comprising a 

power generator generating DC power, and an inverter circuit for converting DC 
power generated by the power generator into AC power, wherein the power 
generator comprises a plurality of power generating modules each comprising a 
plurality of power generating units or power generation parts and at least one 

15 electric storage means connected in parallel to each of the plurality of power 
generating modules; and comprises positive/negative buses connected to an input 
side of the inverter circuit, a plurality of the first switch means for 
connecting/disconnecting each of positive electrodes of the plurality of power 
generating modules to/from the positive bus, a plurality of second switch means 

20 for connecting/disconnecting each of the positive electrodes of the plurality of 
power generating modules to/from a negative electrode of the power generating 
module contiguous to the one side, and a plurality of third switch means for 
connecting/disconnecting each of negative electrodes of the plurality of power 
generating modules to/from the negative bus. 

25 Each of the plurality of power generating modules receives sunlight to 



4 



PNO0301 (PCT/JP2003/007298) 



constantly generate a specified voltage of DC power and simultaneously, the 
electric storage means connected in parallel to each of the plurality of power 
generating modules constantly receives a specified voltage of DC power provided 
from the power generating module for the electric storage of DC power. 
5 When all first switch means are turned on, all of the second switch means 

are turned off, and all of the third switch means are turned on, and all of the 
power generating modules are connected in parallel to the positive/negative buses 
and the DC output voltage becomes the minimum voltage Vmin. 

The plurality of the power generating modules are divided into a plurality 

10 of groups and the plurality of power generating modules in each group is 
connected in serial with the plurality of second switch means while connecting in 
parallel to the positive/negative buses with first and third switch means. When 
the number of power generating modules connected in series is changed to two, 
the DC output voltage becomes 2Vmin, the number of power generating modules 

15 is changed to four, and the DC output voltage becomes 4Vmin. Thus, the DC 
output voltage output from the power generator can be increased/decreased in 
multi-levels. 

However, as described above, the DC output voltage can be changed 
stepwise by simply switching the first, second and third switch means while 
20 effectively utilizing the output of all of the power generating modules. Without 
idling the power generating modules, the utilization rate of the power generating 
modules is fully improved. 

Although switching the plurality of the first, second and third switch 
means still needs to be performed, the voltage change due to switching of the 
25 switch means is small, and therefore, less noise and harmonic waves are 
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generated in comparison with the conventional PWM method. This allows 
simplifying the electric circuit structure by decreasing the filter capacity for noise 
and harmonic wave absorption or electric magnetic field interference. In 
addition, the switching frequency of the plurality of first, second and third switch 
means becomes smaller in comparison with the switching element of the inverter 
circuit of the PWM system, and small switching elements can be used for the 
plurality of first, second and third switch means, which decrease the switching 
loss or the switching cost. 

Now, when the power generating module is a solar battery power 
generating module, the connecting pattern of the first, second and third switch 
means can be changed to adjust the DC power voltage produced from the power 
generator according to the output voltage drop of the power generating module 
when it is cloudy, in the morning or evening, eliminating the use of a boosting 
chopper, which makes this power generating system versatile and flexible. Then, 
since electric property such that the output current decreases stepwise when the 
output voltage is increased in multi-levels, whereas the output current increases 
in multi-levels when the output voltage is decreased stepwise, is designed by 
switching the plurality of first, second and third switch means, it can be controlled 
to operate the system when the power generator is at a maximum power point. 

Alternatively, even when the output voltage property of any of the 
plurality of solar battery power generating modules is not consistent or the 
amount of generated power is significantly decreased when buildings and the like 
partially block the solar battery power generating module, the electric storage 
means connected in parallel to the power generating modules having decreased 
power voltage outputs a specified voltage DC power to the positive/negative buses 
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to compensate for the output voltage drop for the power generating modules, to 
level the output power to improve the DC voltage-DC current property of the 
power generating modules. Furthermore, even when the plurality of power 
generating modules are generating the DC power as it becomes at night and no 
5 sunlight is available, a specified voltage DC power is produced from the electric 
storage means in electric storage stage to the positive/negative buses, so that the 
power generation property is significantly improved without limiting the power 
generation time. These are the advantages of the power generating system of 
the present invention. 

10 Now, it is possible to adopt the following various modifications. 

(a) Each of the first, second and third switching means is individually 
comprised of a semiconductor switching element, having a control device to switch 
the output voltage of the power generator stepwise by switching these plurality of 
first, second and third switch means. 

15 (b) A plurality of power generating modules are divided into a plurality 

of groups and the control device connects the power generating modules of each 
group in parallel with the positive/negative buses by first and third switch means 
while the plurality of the second switch means connecting the plurality of power 
generating modules of each group in series. 

20 (c) An inverter circuit comprises a plurality of semiconductor switching 

elements, which are controlled by the control device. 

(d) A voltage detection means detecting the voltage of an AC power 
system to which said power generation system supplies the power thereto, 
wherein the control device controls the first, second and third switch means and 

25 the plurality of semiconductor switching elements of the inverter circuit based on 
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the detection signals of the voltage detection means. 

(f) A plurality of power generation units of the power generating module 
are aligned in a matrix with a plurality of rows and columns and connected in a 
serial-parallel connection. 

(g) Each of the power generation unit is composed of a solar cell made 
from granular semiconductor materials with a pn junction. 

(h) A power generator is comprised of a fuel cell layered with a plurality 
of single cells and the power generation unit is comprised of the single cells. 

(i) An electric storage means is comprised of an electric double layer 
capacitor. 

(j) The electric storage means is comprised of a secondary battery. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram of a power generation system; 

Fig. 2, Fig. 3 and Fig. 4 are cross-sectional views of power generating 

units,* 

Fig. 5 is a transistor circuit diagram showing the configuration of switches 

S1-S7; 

Fig. 6 is a transistor circuit deagram showing the configuration of 
switches Slla-Sl7a and Sllb-Sl7b; 

Fig. 7 is a block diagram of a control device of the power generating 

system; 

Fig. 8 is a circuit diagram of the power generation system in mode Ml; 
Fig. 9 is a circuit diagram of the power generation system in mode M2; 
Fig. 10 is a circuit diagram of the power generation system in mode M4; 
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Fig. 11 is a circuit diagram of the power generation system in mode M8; 

Fig. 12 is a diagram of the voltage waveform of the DC power produced 
from the power generating system in Fig. 1 and the voltage waveform of a single 
phase AC system at a high incident light level; 
5 Fig. 13 is a diagram of the voltage waveform of the DC power produced 

from the power generating system in Fig.l and the voltage waveform of a single 
phase AC system at low incident light lebel; 

Fig. 14 is a plan view of a packaged power generation system; 

Fig. 15 is a cross-sectional view along N-N line of Fig. 14; 
10 Fig. 16 is a plan view of a solar battery substrate placed on the upper side; 

Fig. 17 is a rear view of an electric component substrate placed on the 
lower side; 

Fig. 18 is a block diagram of the power generating system according to a 
modified embodiment; 
15 Fig. 19 is a circuit diagram of the power generating modules of Fig. 185. 

Fig. 20 is a table describing the power generation mode and output voltage 
in the power generating system of Fig. 18; 

Fig. 21 is a block diagram of the power generating system provided with 
two sets of the power generating system of Fig. 18; 
20 Fig. 22 is a table describing the output voltage in the power generating 

system of Fig. 21; 

Fig. 23 is a diagram of a voltage waveform of the DC power produced from 
the power generating system and a voltage waveform of single phase AC system; 

Fig. 24 is a block diagram of the power generation system utilizing the 
25 PWM method in the prior art; 
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Fig. 25 is time charts showing command voltage sine wave, carrier and 
square wave AC voltage in the PWM method in Fig. 24; 

Fig. 26 is a block diagram of the power generation system utilizing the 
battery switching method in the prior art; 
5 Fig. 27(A) is a diagram of voltage waveform generated by the power 

generating system in Fig. 26; 

Fig. 27(B) is current waveform generated by the power generating system 
in Fig. 26. 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A preferred embodiment to implement a power generating system of the 
present invention will be described hereinafter. 

As shown in Fig. 1-Fig. 7, the power generating system 1 is comprising a 
power generator 2 electrically generating DC power, an inverter circuit 3 for 

15 converting DC power generated by the power generator 2 into AC power to output 
the single phase AC system, a switching mechanism Sm to switch the DC power 
voltage of the power generator 2 in multi-levels, a control device 4 controlling 
these switch mechanism Sm and switching elements 51-54 of the inverter circuit 3, 
and a voltage detector 5 to enter the control device 4 after detecting the single 

20 phase AC system voltage. 

For the sake of simplicity of descriptions, the power generator 2 in 
accordance with the present embodiment is comprising 8 power generating 
modules 21-28, the electric double layer capacitors 29a for electric storage each of 
which is connected to positive electrode 62 and parallel connection wire 59 in the 

25 middle, and electric double layer capacitors 29b for electric storage each of which 
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is connected to the parallel connection wire 59 and negative electrode 60 
connected in parallel to each of the power generating modules 21-28. These 
power generating modules 21-28 are aligned with the same direction of the power 
generation and each of the power generating modules 2128 is comprised of 10 
5 power generation units 30 that are aligned in a 2x5 matrix (2 rows; 5 columns) 
connected in a series-parallel connection. 

Each power generation unit 30 is, for instance, made of any solar cell out 
of three kinds of granular solar cells 30A-30C shown in Fig. 2-Fig. 4 and is capable 
of generating, for instance, 0.5-0.6V DC upon the receipt of sunlight. 

10 The solar cell 30A in Fig. 2 is comprised of a n type spherical 

semiconductor 31 of approximately 1.5-3. 0mm in diameter made from an n type 
silicon, a p type diffusion layer 32, a pn junction 33, a silicon oxide insulator 34 
and positive electrode 35 and negative electrode 36 opposing each other with the 
center of the spherical semiconductor 31 in the middle. In addition, this type of 

15 solar cell 30A is already disclosed in W098/15983 by the present inventor. The 
solar cell 30B in Fig. 3 is comprised of a spherical semiconductor 37 of the same 
size as the above, n type diffusion layer 38, pn junction 39, silicon oxide insular 40 
and positive electrode 41 and negative electrode 42 opposing each other with the 
center of the spherical semiconductor 37 in the middle, and the positive electrode 

20 41 being equipped on the flat surface formed on the bottom of the spherical 
semiconductor 37 to distinguish the positive electrode 41 from the negative 
electrode 42. The solar cell 30C shown in Fig. 4 is comprised of a cylindrical 
semiconductor 43 of approximately 1.5*3. 0mm in diameter made from the p type 
silicon, n type diffusion layer 44, pn junction 45, p+ type diffusion layer 46, silicon 

25 oxide insulator 47 and positive electrode 48 and negative electrode 49 placed on 
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both edges. 

However, above solar cells 30A30C are illustrative only and various 
power generating modules with the function of generating approximately 1.0-10.0 
V DC power (for instance, a single panel solar battery, panel solar battery by 
5 combining a plurality of small panel solar batteries and fuel cells) are applicable 
as a power generating module. In addition, various power generation units or 
power generation parts generating relatively low voltage DC power (for instance, 
one or a plurality of power generation parts or power generation functional parts 
contained in a single panel solar battery or panel solar battery by combining a 

10 plurality of small panel solar batteries and fuel cell) is applicable as a power 
generation unit 30. 

The electric double layer capacitors 29a and 29b for electric storage are 
less pollutant, have an excellent charge -discharge behavior and are capable of a 
relatively large electric storage capacity as they utilize activated charcoal which 

15 makes contact with an electrolyte as electrodes and storage in a similar manner to 
capacitors when the electrolytes and activated charcoal are in contact to polarize 
the interface as the voltage. In each power generating module, the electric 
double layer capacitor 29a is connected to the positive electrode 62 and the 
parallel connection wire 59, as well as connected in parallel to the upper five 

20 power generation unites 30 connected in parallel. In addition, the electric double 
layer capacitor 29b is connected to the parallel connection wire 59 and the 
negative electrode 60, as well as being connected in parallel to the lower five 
power generation units 30 connected in parallel. 

Therefore, the electric double layer capacitors 29a and 29b receive DC 

25 power generated by a plurality of power generation units 30 connected in parallel 
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and store constant storage DC power. However, when the amount of power 
generation of one or a plurality of power generation units 30 is significantly 
lowered, the electric double layer capacitors 29a and 29b produce a specified 
voltage DC power to the positive/negative buses 6 and 7 to compensate for the 
5 lowered output power. 

The inverter circuit 3 is for instance, a circuit connecting four switching 
elements 51*54 of n channel type IGBT in a bridge shape, and reflux diodes 55*58 
are connected to each switching element 51*54. These four switching elements 
51*54 are controlled by control signals from the control device 4. 
10 By alternatively conducting paired switching elements 5 land 54 and 

paired switching elements 53 and 52, AC is output from the terminals 8 and 9 to 
the single phase AC system. 

The switching mechanism Sm will be described next. 

The positive bus 6 and the negative bus 7 are connected to the entry side 
15 of the inverter circuit 3. The switching mechanism Sm is placed between the 
power generator 2 and the inverter circuit 3 and connects an arbitrary number of 
the eight power generating modules 21*28 in parallel to allow each of such power 
generating module group connected in series to connect in parallel to the inverter 
circuit 3 in order to switch stepwise the output voltage of DC power generated by 
20 the power generator 2 to be output to the inverter circuit 3. The switching 
mechanism Sm is comprised of a plurality of switches Sl*S7, Slla*S17a and 
Sllb*Sl7b. The switches S1*S7 are the switches connecting/disconnecting each 
of the negative electrodes 60 of the seven power generating modules 21*27 to/from 
the negative bus 7. Each of the switches Sl*S7 is comprised of, for instance, as 
25 shown in Fig. 5, an npn type bipolar transistor 61 that is turned on or off by the 
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control device 4. 

The switches Slla-Sl7a are the switches connecting/disconnecting each of 
the positive electrodes 62 of the seven power generating modules 22*28 to/from 
the positive bus 6. The switches Sllb*Sl7b are the switches 
5 connecting/disconnecting the positive electrodes 62 of the seven power generating 
modules 22*28 to/from the negative electrodes 60 of the power generating modules 
21*27 contiguous to the side of the positive electrode 62. Each of the switches 
Slla-S17a is comprised of, for instance, as shown in Fig. 6, an npn type bipolar 
transistor 63 turned on or off by the control device 4, and the switches Sllb*Sl7b 

10 is composed of, for instance, as shown in Fig. 6, an npn type bipolar transistor 64 
that is turned on or off by the control device 4. 

However, when the transistor 63 is turned on, the transistor 64 is turned 
off, whereas when the transistor 64 is turned on, the transistor 63 is turned off. 
In this way, the positive electrode 62 is connected/disconnected to the positive bus 

15 6 by the bipolar transistor 63 and the positive electrode 62 of the power 
generating modules is connected/disconnected to the negative bus 7, contiguous to 
the side of the positive electrode 62 by the bipolar transistor 64. 

In addition, the plurality of transistors 63 as switches Slla-Sl7a 
correspond to the plurality of first switch means, the plurality of transistors 64 as 

20 switches Sllb-17b correspond to the plurality of second switch means and the 
plurality of transistors 61 as switches S1-S7 correspond to the plurality of third 
switch means. Furthermore, the npn type bipolar transistors 61, 63 and 64 are 
illustrative only, and any switching elements capable of controlling turning on or 
off in a similar manner can be applied. The switching elements 51*54 of the 

25 inverter circuit 3 are illustrative only, and other switching elements such as 
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MOSFET can be applied. 

Next, the control device 4 will be described. 

As shown in Fig. 7, the control device 4 is mainly comprised of a computer 
including CPU 65, ROM 66 and RAM 67 and an input/output interface 68, and the 
5 switches S1-S7, switches Slla-S17a and switches SllbS17b are individually 
connected to the input/output interface 68. The voltage detector 5 detecting the 
AC voltage of said single phase AC system is provided and the signals from the 
voltage detector 5 are entered to the control device 4. The ROM 66 of the control 
device 4 pre-installs the control program for switching the switches Sl*S7, 
10 switches Slla-S17a, switches Sllb-S17b and the switching element 51-54 based 
on the detection signals from the voltage detector 5 to be described later. 

The control device 4 controls by turning on/off the switches S1-S7, 
switches Slla-Sl7a and switches Sllb-S17b based on the control program of 
ROM 66 to switch the output voltage of the DC power of the power generator 2 in 
15 multi-levels. 

As the power generation voltage of each power generating modules 21-28 
according to the present embodiment is approximately 1.0 -1.2 V, as shown in Fig. 
8, the power generator 2 which generates power by receiving the sunlight outputs 
approximately 1.0-1.2V DC power when all of the power generating modules 
20 21-28 are connected to the positive/negative buses 6 and 7 in parallel when the 
switches S1-S7, Slla-Sl7a are switched (This state is called a power generation 
mode Ml). 

As shown in Fig. 9, when the switches S1-S7, Slla-S17a, Sllb-S17b are 
switched, the eight power generating modules 21-28 are divided into four groups 
25 each of which includes two modules, and each of two power generating modules 
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are connected in series (This state is called the power generation mode M2), the 
power generator 2 outputs approximately 2.02.4V DV power while the four power 
generating module groups are connected in parallel to the positive/negative buses 
6 and 7. 

5 As shown in Fig. 10, when the switches S1-S7, Slla-Sl7b, Slla-Sl7b are 

switched, the eight power generating modules 21*28 are divided into two groups 
each of which includes four modules, and each of four power generating modules 
are connected in series (This state is called a power generation mode M4), the 
power generator 2 outputs approximately 4.0-4.8V DV power while the two power 
10 generating module groups are connected in parallel to the positive/negative buses 
6 and 7. 

As shown in Fig. 11, when the switches S1-S7, Slla-S17a, Sllb-S17b are 
switched, the eight power generating modules 21-28 are connected in series (This 
state is called a power generation mode M8), the power generator 2 outputs 

15 approximately 8.0-9.6V DV power. However, in any state of the power 
generation mode Ml, M2, M4 or M8 described above, each of the electric double 
layer capacitors 29a and 29b constantly store the voltage of DC power for the 
same amount of the power generation voltage of the power generation units 30 
connected in parallel (approximately 0.5-0.6V). Especially, when the power 

20 consumption by the single phase AC system is low, unused DC power generated by 
the power generation units 30 are promptly stored in the electric double layer 
capacitors 29a and 29b to be in full charge state. 

Now, when the high incident light suggests that the incident light by 
sunlight is abundant such as during sunny days, as shown in Fig. 12, the control 

25 device 4 switches the switching elements 51-54, switches S1-S7, Slla-S17a, 
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SlltrS17b appropriately for the AC waveforms 70 of the AC voltage of the single 
phase AC system detected by the voltage detector 5 (hatched lines indicate "ON" 
state, whereas space indicates the "OFF' state), and the AC power of the voltage 
waveforms 71, changing in step as shown with solid line, is output from the 
5 output terminals 8 and 9 of the inverter circuit 3 to the single phase AC system by 
switching to the power generation mode Ml in the first time interval tl, then to 
the power generation mode M2 in the next time interval t2 and to the power 
generation mode M4 in the next time interval t3 in steps. 

In contrast, when the low incident light suggests that the incident light by 

10 sunlight is less available such as during cloudy days, mornings or evenings, as 
shown in Fig. 13, the control device 4 switches the switching elements 51*54, 
switches S1S7, SllaS17a, Sllb-S17b appropriately for the AC waveforms 70 of 
the AC voltage of the single phase AC system detected by the voltage detector 5 
(hatched lines indicate "ON" state, whereas space indicates "OFF* state), and the 

15 AC power of the voltage waveforms 72, changing in steps as shown with solid line, 
is effectively output from the output terminals 8 and 9 of the inverter circuit 3 to 
the single phase AC system even if the incident light is less available by switching 
to the power generation mode Ml in the first time interval tl, then to the power 
generation mode M2 in the next time interval t2, to the power generation mode 

20 M4 in the next time interval t3, and to the power generation mode M8 in the next 
time interval t4 in steps. 

At this time, the time intervals, tl, t2, t3 and t4 as shown in figures are 
pre-programmed onto the computer to match the frequency of the single phase AC 
system to distinguish the high incident light and the low incident light and the 

25 output voltage is switched in steps by switching the switches S1-S7, Slla-Sl7a, 
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SllbS17b according to the level of incident light based on the detection voltage of 
the voltage detector 5. 

Then, when the voltage of the single phase AC system changes from 
negative to positive, the switching elements 51 and 54 are conducted and the 
5 switching elements 53 and 52 are turned off, whereas when the voltage of the 
single phase AC system changes from positive to negative, the switching elements 
53 and 53 are made conductive and the switching elements 51 and 54 are turned 
off. 

Now, for instance, when the output voltage property of all or a part of the 

10 upper five power generation units 30 connected in parallel out of the plurality of 
power generation units 30 of the power generating modules 21 is/are not 
consistent or the total amount of the generated power from these five power 
generation units 30 significantly decreases when buildings and the like partially 
block the power generation units 30 to lower the output voltage than the electric 

15 storage voltage stored in the electric double layer capacitor 29a, the electric 
double layer capacitor 29a outputs a specified voltage DC power to the 
positive/negative buses to compensate for the output voltage drop, to level the 
output power to improve the DC voltage-DC current property of the power 
generating modules 21. This was described for the case of the power generating 

20 modules 21. However, the other power generating modules 22-28 operate in a 
similar prompt manner as do the electric double layer capacitors 29a and 29b are 
equipped similarly. 

Furthermore, when DC voltage is not generated from any of the plurality 
of power generating modules 21-28 during nights when sunlight is not available, a 

25 specified voltage DC power stored in the electric double layer capacitors 29a and 
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29b is output to the positive/negative buses 6 and 7, so that the power generation 
property by the power generator 2 is significantly improved without limiting the 
power generation time. In addition, the capacity of the electric double layer 
capacitors 29a and 29b will be adjusted appropriately as needed. 
5 As described above, the power generating system 1 is capable to increase 

or decrease the DC output voltage stepwise produced from the power generating 
system 1 by switching switches S1-S7, Slla-S17a and Sllb-Sl7b of the switching 
mechanism Sm in various combinations to correspond to the power generation 
mode. 

10 Furthermore, the DC output voltage can be changed in multi-levels by 

simply switching the switches S1-S7, Slla-S17a and Sllb-Sl7b while effectively 
utilizing the outputs of all of the power generating modules 21-28. In this way, 
without idling the power generating modules 21-28, the utilization rate of the 
power generating modules 21-28 is fully improved. 

15 Although switching the plurality of switches S1-S7, Slla-Sl7a and 

Sllb-S17b still needs to be performed, the voltage change before and after 
switching is small, and therefore, less noise and harmonic waves are generated. 
This allows simplifying the internally attached electric circuit structure by 
decreasing the filter capacity for noise and harmonic waves absorption or electric 

20 magnetic field interference. In addition, the switching frequency of the switches 
S1-S7, Slla S17a and Sllb-S17b become smaller in comparison with the 
switching element of the inverter circuit of the PWM system, and small switching 
elements can be used for switches S1-S7, Slla-S17a and Sllb"S17b, which 
decrease the switching loss or the switching cost. 

25 Now, the connecting pattern of the switches S1-S7, Slla-Sl7a and 
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Sllb-S17b can be changed to adjust the DC power voltage produced from the 
power generator according to the output voltage drop of the power generating 
modules 21-28 when it is cloudy, in the morning or evening, eliminating the use of 
a boosting chopper, which makes this power generating system versatile and 
5 flexible. Then, since an electric property such that the output current decreases 
in steps when the output voltage is increased in steps, whereas the output current 
increases in steps when the output voltage is decreased in steps, is designed by 
switching the switches S1-S7, Slla-Sl7a and Sllb-Sl7b, it can be controlled to 
operate the system when the power generator 2 is at a maximum power point. 

10 Since the electric double layer capacitor 29a and the electric double layer 

capacitor 29b are aligned to connect each of the power generating modules 21*28 
in parallel and when the output voltage property of some of the power generation 
units 30 are not consistent or the output voltage from the power generation units 
30 becomes lower than the electric storage voltage electrically stored in the 

15 electric double layer capacitors 29a and 29b when buildings and the like partially 
block some of the power generation units 30, the electric double layer capacitors 
29a and 29b output a specified voltage DC power to the positive/negative buses 6 
and 7 to compensate for the output voltage drop, to level the output power from 
the power generating module 21-28 to improve the DC voltage-DC current 

20 property of the power generating modules 21-28. At this time, since each of the 
electric double layer capacitors 29a and 29b are connected in parallel to the 
plurality of power generation units 30, abnormal overvoltage does not affect each 
of the power generation units 30. Therefore, compact and low cost 
manufacturing of the power generating system 1 is achieved as it is not necessary 

25 to install diodes to prevent back-flow in associated with each of the power 
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generation units 30. 

Especially, when the electric power is required in the single phase AC 
system when any of the power generating modules 21-28 is not generating power 
such as at nights, DC power stored in the plurality of electric double layer 
5 capacitors 29a and 29b is output to the positive/negative buses 6 and 7, which 
becomes the use conditions of power loss limited to significantly improve the 
power generation property by the power generator 2. 

The power generating system 1 has excellent versatility and flexibility 
since the power frequency produced from the inverter circuit 3 can be modified at 
10 will by controlling the control device 4. The above explanation is described 
hereafter using the example of when the AC power is output by controlling the 
voltage, and it can be designed to output the AC power by controlling the current 
through the switching operations of the switches S1-S7, Slla-S17a and 
Sllb-S17b. 

15 Specific example of practical application of the power generation system 

packaged in a compact design as described above will be explained in references to 
Fig. 14-Fig. 17. 

The power generating system 1 is composed of a box-shaped main body 
case 80 made from synthetic resin with excellent durability, a lid member 81 made 
20 from synthetic resin covering the upper part of the main body case 80, a solar 
battery substrate 82 stored in the main body vase 81, an electronic component 
substrate 83, a plurality of electric double layer capacitors 29a and 29b and an 
inverter circuit 3. 

As shown Figs 15-16, the solar battery substrate 82 is stored upward in 
25 the main body case 80, and the etchings of positive electrode 62, positive bus 6, 
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negative electrode 60 and negative bus 7 are individually formed on the solar 
battery substrate 82. In addition, the plurality of switches S1-S7 are provided 
between the negative bus 7 and the negative electrode 60 of the plurality of power 
generating modules 21;28, the plurality of switches Slla-17a are provided 
5 between the positive bus 6 and the positive electrode 62 of the plurality of power 
generating modules 21-28, and the plurality of switches Sllb-17b are provided 
between the positive electrode 62 and the negative electrode 60. The plurality of 
power generation units 30 are aligned in a matrix on each of the positive 
electrodes 62 as shown in Fig. 1 and wired as shown in the figure. 

10 The electric component substrate 83 stored downward in the main body 

case 80 is, as shown in Fig. 15 and Fig. 17, connected to the voltage detector 5, 
CPU 65, ROM and RAM 66 and 67 via the etched connection wire 84 and 
connected to the switching elements 51-54 of the inverter circuit 3 and the reflux 
diodes 55*58 as shown in the figure. The AC output terminals 8 and 9 are 

15 equipped on the opposing corners and a part of the AC output terminals 8 and 9 
are stretched outside via the main body case. In addition, a numerical reference 
83a indicates a connection part of the solar battery substrate 82 with the positive 
bus 6, whereas a numerical reference 83b indicates a connection part of the solar 
battery substrate 82 with the negative bus 7. The control line of the control 

20 device 4 is shown in dotted line. 

The plurality of electric double layer capacitors 29a and 29b are placed 
between the upper part of the solar battery substrate 82 and the lower part of the 
electric component substrate 83 and each of the electric double layer capacitors 
29a and 29b are, as shown in Fig. 1, electrically connected to the power generating 

25 modules 2128. 
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While the solar battery substrate 82 and the electric component substrate 
83 wherein the plurality of electric double layer capacitors 29a and 29b are placed 
between are horizontally placed in the middle in the height inside the main body 
case 80 and transparent silicone 85 is filled within, the upper part is firmly sealed 
5 with the lid member 81. On the upper surface of the lid member 81, 
hemispherical lens parts 81a are individually formed to correspond with each of 
the plurality of power generation units 30. 

The power generating system 1 packed in this way is installed on the site 
where incoming sunlight is available, the sunlight effectively illuminates the 

10 power generation units 30 via the hemispheric lens parts 81a to output sufficient 
AC from the AC output terminals 8 and 9. Alternatively, the packaged plurality 
of power generating systems may be placed in a matrix to connect with the AC 
output terminals 8 and 9 as needed. 

According to the embodiment as described above, the power generator 1 

15 having eight power generating modules 21-28 were used as an example to 
facilitate understanding the present invention. However, for the home power 
generating system to be connected to a commercial single phase AC system, it 
needs to design to interconnect to AC system of lOOVrms (RMS voltage) and 
approximately 140 Vp (peak voltage). Furthermore, it is desirable to design it so 

20 that the maximum output voltage of the power generation system is higher than 
200v considering the output drop of the power generating system in cloudy days, 
the mornings or evenings. An example of such power generation system is 
described using Fig, 18-Fig. 23. 

The power generating system 1A in Fig. 18 takes a panel structure 

25 assembled on a single panel and can be called a power generation panel. 
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This power generating system 1A is comprised of 48 power generating 
modules 21A-25A aligned in line with the same power generation direction, power 
generator 2A including of the plurality of electric double layer capacitors 29, 
inverter circuit 3A similar to the inverter circuit 3, positive bus 6A and negative 
5 bus 7A at the input side of the inverter circuit 3A, switching mechanism Sma 
(This is comprised of the switches S71-S74 and switches S81-S84), output 
terminals 8A and 9A and control device (Not shown). The switching mechanism 
Sma is to obtain the similar function as the switching mechanism of the power 
generating system 1 shown in above embodiment of Fig. 1, the switches S71-S74 

10 is, similar to the switches Sl-7 to connect/disconnect the negative electrode 60A of 
the power generating modules 21A-24A to/from the negative bus 7A. The 
switches S81-S84, similar to the switches Slla-S17a, Sllb"Sl7b, alternatively 
connect the positive electrode 62A of the power generating modules 22A-25A to 
the negative electrode 60A of the power generating modules 2 1 A- 24A contiguous 

15 to the positive electrode or to the positive bus 6A. 

Since the power generating modules 21A-24Ahave the same structure, the 
power generating modules 21A and electric double layer capacitor 29 will be 
described. As shown in Fig. 19, the power generating modules 21A has a 
plurality of power generation units 30A aligned in a 10x100 matrix (10 rows; 100 

20 columns) and connect these power generation units 30A are connected in a 
series-parallel connection. In this case, one electric double layer capacitor 29 is 
connected in parallel to 100 of the power generation unit 30A connected in parallel 
for each row. Therefore, this system has excellent practicality and durability 
when a part of the power generation units 30A is turned off due to the inconsistent 

25 output voltage property or sunlight block, stored DC power is output from the 
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electric double layer capacitor 29 connected in parallel to maximize the power 
generation property by the power generating modules 21 A. 

In addition, said "10x100 matrix" is illustrative only, and the number of 
rows may be 100 or several hundreds of rows since the number of rows is not 
5 limited to 10 rows. Similarly, the number of columns may be several dozen, 
several hundreds or several thousands of columns. 

Furthermore, it is not necessary to provide diodes to each of the power 
generation units 30A for back-flow prevention to facilitate downsizing and 
decreasing manufacturing cost of the power generating system 1A. 
10 The power generation units 30A itself is similar to the power generation 

units 30 and the output voltage of each power generation unit 30A is 0.5-0.6 V. 
Therefore, the maximum output voltage (output during sunny day) of the power 
generating modules 21A~25Ais 5.0 -6.0 V, for instance. 

By switching the switches S71-S74 on the side of the plurality of negative 
15 electrodes and the switches S81-S84 on the side of the plurality of positive 
electrodes as needed, the power generation modes Ml, M2, ...M48" and "output 
voltage" as shown in Fig. 20 are designed to be selected. 

The technology to configure the power generating modules such as the 
power generating modules 21A in a panel-like structure is proposed in a plurality 
20 of international applications (For instance, PCT/JP00/07360, PCT/JP0 1/06972, 
PCT/JP01/09234, PCT/JP01/11416) filed by the present inventor. 

The power generating system 1A (power generation panel) as described 
above can adopt a structure of the power generating system consisting of the 
plurality of power generating panels, instead of one power generating panel. 
25 However, only one set of the control device is sufficient. For instance, as shown 
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in Fig. 21, two panels of the power generating system 1A (power generation panel) 
are provided in the power generating system and the switch mechanism switching 
the two power generating system 1A in serial or a parallel connection can be 
equipped. This switch mechanism is comprised of switches S65 and S66. The 
5 switch S65 connects/disconnects to/from the circuit in the figure and, similar to 
the switches S1-S7, is made from npn type bipolar transistor, for instance. The 
switch S66 alternatively connects/disconnects one of the contact points and, 
similar to the switches Slla-S17a and switches Sllb-S17b, is made from two npn 
type bipolar transistors. This switch mechanism switches the connection of the 
10 two power generators 1A in series or in parallel. Then, the output terminals 8B 
and 9B of the power generator made from the two power generators 1A are 
connected to the AC system, and the power generator system controls its output 
power to interconnect with the frequency of the AC system and the voltage by the 
control device. 

15 When two of the power generation panels are connected in parallel, the 

output voltage of the power generating system is switched as shown in Fig. 20. 
In addition, when the power generation mode of the two power generation panels 
is arranged to connect in series, the output voltage of the power generating 
system is switched as shown in Fig. 22. 

20 However, by switching the connecting conditions of the two power 

generation panels in parallel or in series to adjust the power generation mode of 
the both power generation panels as needed, the output voltage of the power 
generator can be switched to 5-6V, 10- 12V, 15- 18V, 30-36V, 40-48V, 6092V, 80-96V, 
120- 144V, 200-240V, 240-288V, 360-432V or 480-576V. However, the above 

25 output voltage or the output voltage in Fig. 20 and Fig. 22 are all illustrative of 
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when all power generation units generate the maximum output. As the sunlight 
is less available on cloudy day, mornings or evenings, when the output voltage of 
the power generator is decreased, the total output power shown in Fig. 22 will 
decrease by a few % to several dozen %. With such a power generating system, 
5 as shown in Fig. 23, the AC power of the voltage waveforms 71, which changes in 
multi-levels as show by the solid line, is output for the commercial single phase 
AC system for the AC waveforms 70 of the AC voltage of the commercial single 
phase AC system. 

In this power generating system 1A, the plurality of semiconductor 
10 modules 21A-25A, plurality of electric double layer capacitors 29, inverter circuit 
3A and plurality of switches S71-74 and S81-S84 are all assembled into a single 
panel, and it is possible to configure the inverter circuit and plurality of switches 
into one semiconductor chip as needed, which simplifies the structure and lower 
the manufacturing cost. 
15 Furthermore, this system is versatile and flexible by combining various 

types of a plurality of power generating systems (power generation panel) to 
generate desired frequency, desired output voltage and desired AC power of the 
output current. 

Although Fig. 21 -Fig. 22 are described using the power generating system 
20 equipped with the two power generation panels (power generating system) as an 
example, in reality it is possible to configure it so that the power matching the 
voltage or the current of the commercial single phase AC system serviced to the 
home by switching the connection of the plurality of power generation panels 
parallel or in series. 

25 For the power generating system shown in Fig. 18 or the power generating 
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system shown in Fig. 21, basically the same advantages as the power generating 
system 1 will be obtained and therefore, the explanation is omitted. 

The partially modified example of above embodiment will be explained 
hereafter. 

5 (l) In the power generating system 1, 1A, although a filter placed on the 

circuit of the output side of the inverter circuit 3 and impedance were not 
described, a filter and impedance will be placed as needed in the actual power 
generation system. 

(2) In the inverter circuit 3, 3A, although it was explained using the 
10 example when the single phase AC is generated, it is possible that DC power 

generated by the power generator 2, 2A may be converted to three-phase AC by 
the inverter circuit, in this case, the DC power generated by the power generator 
will be converted to AC power corresponding to each phase of the three-phase AC. 

(3) The entire power generating system 1 could be designed as a single 
15 plate or panel-like structure. The power generating system shown in Fig. 18 could 

be designed, for instance, as a plurality of single plates or panel-like structure of 
the power generating system of as shown in Fig. 21. 

(4) It is not necessary to manufacture individually each of the plurality 
of power generating modules 21-28, 21A-25A, it can be manufactured as an 

20 integrated form in overall. For instance, it is possible that the plurality of power 
generating modules as shown in Fig. 18 are designed to be made of a seeming 
single power generating module to take a constitution of the plurality of power 
generating modules as shown in Fig. 18 in terms of electrical circuit. 

(5) Although the power generating system 1, 1A was described using the 
25 separately-excited type power generating system interconnected to an external 
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AC system as an example, it is natural that the present invention is applicable to 
a self-excited type power generating system containing the means to generate 
standard AC. 

(6) Above power generating system 1, 1A, can be designed so that on/off 
switches are connected in parallel to the electric double layer capacitors 29a and 
29b at the parallel connecting position of each of the electric double layer 
capacitors 29a and 29b and the electric double layer capacitors 29a and 29b 
output DC only when the on/off switches are switched to ON side as needed. 

(7) The electric storage means is not limited to the electric double layer 
capacitors 29a and 29b, and various electric means capable of storing generated 
power such as electrolytic capacitor, secondary battery and battery with large 
electric storage capacity, can be used. 
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